Abstract: The effect of 15 fungi species most frequently inhabiting grapevine shoots on the growth of Phoma negriana was examined. Particular species-components of the fungal community were tested in vitro against the pathogen, using the biotic series method. The majority of fungi species inhibited P. negriana growth and the growth of only 3 species from the community, i.e. Alternaria alternata Keiss., Botrytis cinerea Pers. and Phomopsis viticola, was limited by the pathogen. Fungi Trichoderma were found the most effective against P. negriana. They completely degraded the hyphae and conidia of P. negriana after 20-22 days of growth in two-organism cultures. The summary biotic effects of fungal communities from grapevine were generally favourable to the P. negriana growth and only in one year of study they suppressed the pathogen development.
Introduction
Phoma negriana Thüm is recognized as an opportunistic pathogen of above-ground parts of grapevine (Vitis vinifera L.) in South -Eastern Europe (De Gruyter et al. 1998) . In Poland, this fungus was described for the first time by Machowicz-Stefaniak and Król (2007) and its harmfulness to grapevine was confirmed in pathogenicity tests (Król unpublished) . Isolates of P. negriana were obtained early, during the studies concerning healthiness of propagation material of grapevine (Machowicz-Stefaniek & Król 2007; Król 2006 Król , 2006a . They originated first of all from the shoots with symptoms of lesions and necrosis collected from plantations and nurseries in various regions of Poland (Machowicz-Stefaniek & Król 2007; Król 2006 Król , 2006a . Very slowly growing colonies of P. negriana were often isolated from the same shoots from which fast growing cultures of pathogenic species such as Phomopsis viticola Sacc. and Botrytis cinerea Pers. were obtained (Machowicz-Stefaniek 1993 , 1998 Machowicz-Stefaniek & Kuropatwa 1993; Król 2006 Król , 2006a .
Colonization of the shoots by the pathogenic fungi species doesn't always cause the disease. It is dependent on environment conditions, including fungal communities existing in the vicinity of host plant and pathogen (Mańka 1974; Mańka & Mańka 1992 , 1994 Fokkema 1993; Manka 1995) . It is commonly known, that both on the above-ground parts of plants and in the soil environment, there is a wide range of non-pathogenic fungi, among which there are species, which are known for their antagonistic activities towards pathogens (Mańka 1974; Lacicowa 1989; Mańka & Mańka 1992 , 1994 Fokkema1993; Mańka 1995) .
One of the most suitable methods to investigate the influence of fungal communities on pathogen seems to be the biotic series method, which was elaborated for soil fungi (Mańka 1974; Mańka & Mańka 1992 , 1994 Mańka 1995) and next adapted for fungi colonizing phyllosphere (Mańka 1995; Kuropatwa 1995; Machowicz-Stefaniak 1998; Zalewska 1999; Zimowska 2004) . The function of the components of fungal communities (fungal species) is expressed by individual and general biotic effects, which influence the summary biotic effect -expressing the effect of the entire fungi community on the pathogen and reflecting the influence of the environment on the pathogen (Mańka 1974; Mańka & Mańka 1992 , 1994 Mańka 1995) .
Identification of the new fungus species on grapevine in Poland with lacking information about its possible development in the host-plant environment and among the phyllosphe fungi inspired the authors to investigate local isolates of the new species. The purpose of the present work was to estimate the influence of some fungi species inhabiting grapevine shoots on P. negriana and to find out the species the most effectively inhibiting the pathogen's growth and development.
Material and methods
The material taken for the study consisted of isolate W 1075 Phoma negriana and 15 other most frequently occurring fungi species (community components) Interactions among the fungi were studied by the biotic series method according to Mańka (1974) and Mańka & Mańka (1992) , on malt extract medium (bioMérieux).
The discs with a diameter of 3 mm, coming from 10-day-old cultures of P. negriana and one of the fungi making the studied community, were placed on the medium solidified in Petri dishes. The discs were placed mycelium down, 20 mm from each other, in the centre of the Petri dish. The dishes with mycelium of individual fungus species constituted the control. Each experimental combination, i.e. P. negriana with a species of fungus representing the community component and control, consisted of five replicates (dishes). After 10 days of incubation in a thermostat, at 20
• C, the situation in the dual cultures was evaluated according to the scale considering the surrounding of one colony by the other species, inhibition zone between the colonies and reduction of the colony size.
The evaluation resulted in obtaining IBE value which consisted of the arithmetic sum of points for surrounding the colony, inhibition zone and reduction of colony size, and which indicates the effect of one isolate of the community species on the pathogen's growth (Mańka 1974; Mańka & Mańka 1992; Mańka 1995) . The IBE multiplied by the species frequency results in the GBE, treated as the effect of all component's isolates on the pathogen. After summarizing all the GBEs the summary biotic effect (SBE) will be obtained, providing the effect of the entire fungi community on the pathogen (Mańka 1974; Mańka & Mańka 1992; Mańka 1995) . Each of the biotic effects mentioned may be positive-indicating the suppressive effect on the pathogen's growth, negative-indicating lack of the suppressive effect on the pathogen's growth, or the value of the effect may be "0" indicating the neutral influence.
In the case of Trichoderma spp. and Gliocladium spp., their influence on the viability of P. negriana hyphae and conidia was also studied ( Lacicowa & Pięta 1989) . To this effect, parts of the pathogen's hyphae from the surface of the colony covered with hyphae of Trichoderma and Gliocladium were collected every other day and microscopically studied. 
Results
Among the 15 tested species of fungi, the majority, i.e. 10, limited the growth and development of P. negriana, which was shown by positive values of individual biotic effect (Table 1) . The highest inhibitory effect on P. negriana was found in T. koningii and B. cinerea. In the case of these fungi the values of IBE were +7 (Table 1) . Fusarium sporotrichioides, Trichoderma harzianum and T. viride also limited the pathogen's growth strongly enough since their positive IBEs were: +6, +5 and +5, respectively (Table 1) . Trichothecium roseum limited the growth of P. negriana to the least extent, as the value of the IBE for the fungus was +1 (Table 1) . Cladosporium cladosporioides and Gliocladium fimbriatum showed a neutral effect on P. negriana and after 10 days of dual growth their individual biotic effects were 0 (Table 1) .
Moreover, it was observed that during the dual growth of Trichoderma spp. and P. negriana the former grew very quickly and after 4-6 days their colonies grew over 1/4 of the pathogen's colonies (Fig. 1) . At that time micoparasitic hyphae approached the hyphae and pycnidia of P. negriana and next coiled around them. The hyphae of the pathogen were often strongly deformed, shortened, thicker and filed with granulation (Fig. 2) . After 8-12 days of dual growth, the colonies of T. harzianum, T. viride and T. koningii grew over 1/2 of the surface of P. negriana colony and caused the degeneration of the pathogen on 1/4 of the surface of its colonies. In the slides no hyphae, pycnidia or conidia of phytopathogen were found. Complete degradation of the hyphae and then death of the whole P. negriana colony took place after 20-22 days, depending on the antagonistic fungus species (Fig. 1) .
Fungi of the Gliocladium genus slightly grew over the pathogen colony after 10 days of dual growth, whereas after 14-16 days they covered 1/4 of the surface of P. negriana colony (Fig. 1) . In spite of the overgrowth, alive hyphae and conidia of P. negriana were continually observed in the slides. The death of pathogenic fungus on 1/4 of the surface of the colony was found only after 40 days of dual growth with G. fimbriatum and G. catenulatum. Till then, both mycoparasites covered 3/4 of the surface of P. negriana colony but they did not cause the death of the entire pathogen's colony (Fig 1) .
Growth and development of the other phyllospheric fungi, i.e.: Epicoccum purpurascens, Phomopsis viticola and Alternaria alternata, was limited by P. negriana, which was shown by the negative IBE values ranging from −6 to −4 (Table 1, Fig. 3 ). Under these circumstances of the growth, cultures of P. negriana formed numerous pycnidia and sporulated abundantly.
A great number of A. alternata and P. viticola isolates obtained in all the years of study resulted in negative values of GBEs expressed by high numbers, which consequently influenced the summary biotic effects (Table 1) . SBEs were negative in the years [2001] [2002] [2003] and their values ranged from −60 to −342 (Table 1). The studied phyllospheric fungal communities suppressed the development of P. negriana only in the year 2004, because SBE had the value +348 (Table 1) .
Discussion
The numerous positive IBE values obtained in the present studies indicate that the growth of P. negriana is inhibited by the majority of fungi species colonizing grapevine phyllosphere. It suggests that the fungus is a weak competitor and during intensification of occurrence of some species inhibiting its development may be eliminated from its ecological niche.
The occurrence in the studied fungal communities of numerous isolates of A. alternata, P. viticola and E. purpurascens, which are limited by P. negriana, results in negative values of GBEs in all the years of study and consequently contributes to negative SBEs during the 3 following years of study. The ability of P. negriana to limit the growth of the mentioned fungi species, despite the slow growth of this pathogen mycelium (Machowicz-Stefaniak & Król 2007) , probably results from the production of toxic metabolites, which unfavourably influence these fungi. It seems that clear inhibition zones observed during the dual growth of P. negriana with A. alternata, P. viticola and E. purpurascens, as well as the ability to exude various metabolic products by some species from genus Phoma, which is known from literature (Melouk & Horner 1973; Zimowska & Machovicz-Stefaniak 2005) may support this theory. It is supposed that this ability allows P. negriana to survive on the grapevine shoots in the presence of many phyllospheric fungi species.
A strong limitation by P. negriana of the development of P. viticola -commonly occurring pathogen of shoots in recent years, may suggest that during simultaneous colonization of grapevine shoots by these two fungi species, P. negriana may predominate providing that environmental conditions, particularly temperature, are favourable to its occurrence. It is known that moderate temperature, i.e. 18-20 • C, creates the most favorable conditions for the P. negriana development whereas P. viticola belongs to thermophilic species and sporulates better at a temperature of 24-28
• C (Hewitt & Pearson 1988; Kuropatwa 1993; Machowicz-Stefaniak 1993; De Gruyter et al. 1998) .
Strong inhibition of the P. negriana development by all the studied species of Trichoderma, degradation of the hyphae, pycnidia, conidia and eventually the pathogen's death, allow to recognize these fungi as the most effective antagonists for P. negriana. These mechanisms of influence on the pathogen probably resulted from high competitive abilities of Trichoderma spp.: abilities to form exo-and endo-enzymes, toxic metabolites as well as the ability to parasitize, which favour successfully the competition for nutrients and ecological niches (Papavizas 1985; Lacicowa 1989; Fokkema 1993; Machowicz-Stefaniak 1998; Król 2004 Król , 2004a Król , 2004b . Those properties of the studied isolates Trichoderma spp. should be considered as positive and very promising in the aspect of biological control of grapevine, because fungi from the genus Trichoderma also successfully limit the growth and development of the other pathogens of the plant e.g. B. cinerea and P. viticola (Kuropatwa 1995; Machowicz-Stefaniak1998; Król 2004 Król , 2004a Król , 2004b .
It is indicated that B. cinerea is also a very effective antagonist to P. negriana, but considering its pathogenicity towards a lot of plant species, including grapes and shoots (Machowicz-Stefaniak 1998), the presence of B. cinerea in plant phyllosphere is highly undesirable.
The effect of fungal communities, studied in the years 2000-2003, should be generally considered as negative and manifesting a lack of ability to suppress P. negriana in the studied grapevine nurseries. Moreover, positive values of SEBs obtained in the year 2004, first of all thanks to numerous isolations of G. catenulatum, emphasize the great importance of the quantitative and qualitative composition of fungal communities inhabiting plant environment towards its pathogens (Mańka 1974; Mańka & Mańka 1992; Kuropatwa 1995; Zalewska 1999; Zimowska 2004 ). However, it should be remembered that the occurrence of microorganisms on the above-ground plant parts is continually modified and depends on a number of factors, particularly on host plants, their secretions and environmental conditions (Fokkema 1993; Rekosz-Burlaga & Garwolińska 2006) .
